Protein engineering applications are often aimed at improving the structural features by creating new stabilizing interactions, on the basis of the knowledge and the accurate analysis of the three-dimensional structure of the protein. The stabilization of secondary structure elements was investigated by many authors, in particular for the stabilization of alpha-helix (see Munoz and Serrano, 1995, for a review), whereas beta-structure constitutes a more complex study as a consequence of the lack of simple models. Many helix stabilizing factors were identified by specific patterns of residues at specific helix positions, and their stabilizing effect was studied in peptide models and/or proteins. The rationale design of alpha-helix was used to increase the stability of proteins by using a helix/coil algorithm (Villegas et al., 1995) . A recent paper (Facchiano et al., 1998) , investigated the occurrence of such factors in helices of homologous proteins from mesophilic and thermophilic organisms. Ten different factors, reported in the literature, were considered: β-branched destabilizing effect, Glu-Lys pairs, charge-dipole interaction, N-capping box, N-cap residue, hydrophobic interactions, hydrophobic staple, Schellman motif, Alphal motif and Phe-Cys/Met interaction. It must be noted that most of them are related to specific sequence motifs. A recent review
Protein engineering applications are often aimed at improving the structural features by creating new stabilizing interactions, on the basis of the knowledge and the accurate analysis of the three-dimensional structure of the protein. The stabilization of secondary structure elements was investigated by many authors, in particular for the stabilization of alpha-helix (see Munoz and Serrano, 1995 , for a review), whereas beta-structure constitutes a more complex study as a consequence of the lack of simple models. Many helix stabilizing factors were identified by specific patterns of residues at specific helix positions, and their stabilizing effect was studied in peptide models and/or proteins. The rationale design of alpha-helix was used to increase the stability of proteins by using a helix/coil algorithm (Villegas et al., 1995) . A recent paper (Facchiano et al., 1998) , investigated the occurrence of such factors in helices of homologous proteins from mesophilic and thermophilic organisms. Ten different factors, reported in the literature, were considered: β-branched destabilizing effect, Glu-Lys pairs, charge-dipole interaction, N-capping box, N-cap residue, hydrophobic interactions, hydrophobic staple, Schellman motif, Alphal motif and Phe-Cys/Met interaction. It must be noted that most of them are related to specific sequence motifs. A recent review (Aurora and Rose, 1998) has been devoted to the analysis of helix capping motifs, reporting their pattern definition and occurrence within protein sequences. Their work represents an updated and extensive classification of helix capping patterns. Six motifs occur at the N-terminal side of the helix (Ia, Ib, IIa, IIb, IIIa, IIIb) and seven motifs occur at the C-terminal side of the helix (IV, Va, Vb, VIa, VIb, VIIa, VIIb). This classification includes new and previously described motifs. In fact, the capping box and the hydrophobic staple are consistent with the Ia and Ib definitions, and the Schellman motif is consistent with the IV motif definition. HELM is a software written to automate the search for helix stabilizing factors within sequences, based on the pattern classification published by Aurora and Rose (1998) . HELM is a CGI script written in Perl with the aim of producing a user-friendly web tool, available at the URL: http: //crisceb.area.na.cnr.it/angelo/PROTEIN TOOLS/HELM/ The query form interacts with the most common protein sequence databases (PIR, SwissProt, NRL3D, OWL, TrEMBL). This means that the user can select a protein sequence to be analyzed by typing its accession number or, alternatively, by typing the sequence in the appropriate box. The CGI script reads the sequence from the selected database or from the query form, then analyzes it for the presence of the helix motifs, as defined by Aurora and Rose (1998) . Full description of the motifs is available within the web pages. The output page appears after a few seconds or minutes, the time of response depending on the database to be searched for the sequence, and reports a schematic view of the sequence and the position of the found motifs.
Examples of sequence analysis are available within the HELM web pages. A short comment is also reported here. Figure 1 shows the output page for the analysis of the crambin (NLR3D and PDB code: 1crn). It can be observed that the crambin structure evidences the presence of two segments with helical structure, i.e. 7-19 and 23-30, as reported in the PDB structure file. According to the HELM results both regions included more putative helix motifs, suggesting the use of such analysis as an additional information to improve the accuracy of helix prediction The sequence is also reported as the complete entry. The output page reports, the date and other comments deriving from the query form are not shown in this figure. methods. However, HELM searches for helix motifs within sequences and does not take into account the possible knowledge of the real secondary structure. This means that the HELM output can suggest the presence of helix motifs in non-helical regions. Aurora and Rose (1998) analysed a data set of 274 protein structures (see below), reporting the occurrence of motifs in the whole sequences and in the helical segments. Their results demonstrate that many motifs are often found in non-helical regions. A similar conclusion can be achieved by the analysis of the sequence of barwin, a protein containing few short helices and classified as 'all-beta', which reveals the presence of many helix motifs. The third example available in the web pages concerns a trans-membrane protein, the vasoactive intestinal polypeptide receptor 1 (SWISSPROT code: P32241). The seven transmembrane potential helical segments reported in the SwissProt entry correspond to different helix motifs found by HELM. It must be considered that the data set used by Aurora and Rose to extract their helix motif classification was based on the x-ray determined structures, which are mainly soluble globular proteins and not membrane proteins, and so the identified motifs can be considered not suitable for transmembrane helices.
The ability of HELM to correctly find the helix motifs has been verified by a visual inspection of sequences. Moreover, the accuracy of HELM has been tested by analyzing a set of 1106 protein sequences derived from the May 1999 release of the pdb select data set (Hobohm et al., 1992) , and comparing results with the analysis published by Aurora and Rose (1998) . These authors analyzed a similar data set consisting of 274 protein sequences (pdb select, March 1994 release) and reported the number of occurrences for each helix motif within the protein data set. Differences between these two data sets consist mainly in the number of protein sequences, but both should represent a unique set of proteins without significant sequence identity among them. A higher occurrence of helix motifs can be expected in the HELM test, because a higher number of proteins have been analyzed. Therefore, the occurrence of each motif has been compared between the two data set by calculating the correlation coefficient, which resulted 0.837 and demonstrates a good agreement between the HELM test and the previous analysis published by Aurora and Rose. A summary of the HELM analysis on the 1106 protein data set is available within the HELM web pages.
